The study was conducted to assess the over-wintering growth performance of mixed-sex and mono-sex male tilapia, Oreochromis niloticus. The experiment was carried out with two treatments each with three replicates for a period of 6 months from October 2012 to March 2013 in the Field Laboratory Complex, Bangladesh Agricultural University. In the first treatment (T 1 ), mixed-sex tilapia was stocked in 3 ponds with a mean initial weight of 4.80±0.18 g. In the second treatment (T 2 ), mono-sex male tilapia was stocked in another 3 ponds with a mean initial weight of 4.81±0.20 g. Fish were fed at the rate of 6% of fish body weight at the beginning of the experiments, then the feeding rates were gradually reduced to 2% for the third month and finally increased to 3% for the rest of the period. Water parameters in terms of temperature, dissolved oxygen, pH, transparency, alkalinity, ammonia and nitrite were within the range of fish farming. After 6 months of culture period, mono-sex male tilapia attained a significantly (P<0.05) higher mean final weight and specific growth rate, compared to that of mixed-sex tilapia. However, there was no significant (P>0.05) difference of food conversion ratio and survival rate (%) values between the treatments. The benefit-cost ratio was calculated as 1.17 and 1.43 for mixed-sex and mono-sex male tilapia, respectively. The results suggested that it is possible to successfully culture tilapia during the winter period in Bangladesh, and the culture of mono-sex tilapia is more profitable due to its higher growth rate.
INTRODUCTION
Over the last three decades, Nile tilapia, Oreochromis niloticus (Linnaeus, 1758), production has been significantly developed all over the world and now it is considered as one of the most productive and internationally traded food fish in the world (Frei et al., 2007; Hernández et al., 2013) . The fish is being farmed in about 85 countries worldwide and about 98% of tilapia productions in these countries have grown outside their original habitats (Shelton, 2002) . In view of the increasing commercialization and continuing growth of tilapia industry, the commodity is not only the second most important farmed fish globally, next to carps, but is also described as the most important aquaculture species of the 21st century (Shelton, 2002; Hernandez et al., 2013) . In Bangladesh, culture of Nile tilapia in freshwater ponds is getting popular due to its higher market price and desirable features for aquaculture such as faster growth, higher survival and culture feasibility in both perennial and seasonal ponds (Siddik et al., 2007a) . Tilapia has good resistance to poor water quality and disease, tolerance to a wide range of environmental conditions, ability to convert efficiently the organic and domestic waste into high quality protein, rapid growth rate and tasty flavor (Hossain et al., 2005) . However, the excessive reproduc-tion of tilapia sometimes leads to overcrowding, competition for available food and stunted the growth in aquaculture system (Siddik et al., 2007b) . Although Nile tilapia are eurythermal, based on experimental and geographical evidence, tolerating a wide range of temperature (8-42°C) (Dan and Little, 2000a; Azara et al., 2008; Hassan et al., 2013) , seasonal cold temperatures affect both hatchery and food fish production between November and February, as water temperature drops between 15°C and 20°C in the northeast of Bangladesh (Chaani et al., 2000) . This condition is very harmful for tilapia and even causes mortality, especially in shallow ponds (Hasan et al., 2013) . It also affects breeding activities of Nile tilapia. Conditions are highly suited for raising tilapia between April and October when temperatures range from 25 to 35°C (Hossain et al., 2005) . However, as spawning only begins in April, seeds are not normally available until June-July, thus reducing the duration of the production season. Under these circumstances, over-wintering of late spawn tilapia fry might be a possible way to make fingerlings available early in the following grow-out season (Crab et al., 2009 ). The northeastern part of Bangladesh is faced with a prolonged winter period and therefore, over-wintering culture of tilapia can be an important solution to fulfill the protein demand of that part. However, no information is available on the growth performance of mixed-sex and mono-sex tilapia during the winter season in Bangladesh. Therefore, the present study was undertaken to compare the over-wintering growth performance and profitability of production of mixed-sex and mono-sex tilapia (O. niloticus) in Bangladesh.
MATERIALS AND METHODS

Experimental location and design
The study was conducted in the Field Laboratory Complex, Faculty of Fisheries, Bangladesh Agricultural University, Mymensingh, for a period of 6 months covering the whole winter season from October 2012 to March 2013. The experiment was carried out in two treatments each with three replicates. In the first treatment (T 1 ) mixed-sex tilapia was stocked with a mean initial weight of 4.80±0.18 g, and in the second treatment (T 2 ) mono-sex male tilapia was stocked with a mean initial weight of 4.81±0.20 g.
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About one month old fingerlings of mixed-sex tilapia were collected from Freshwater Station, Bangladesh Fisheries Research Institute, Mymensingh, and the fingerlings of mono-sex male tilapia were collected from Reliance Aqua Farm, Trisal, Mymensingh. These fingerlings were brought to the Field Laboratory Complex, Bangladesh Agricultural University, Mymensingh, using plastic polythene bags.
Rearing of tilapia in ponds
Six rectangular shaped experimental ponds, each of 80 m 2 with an average depth of 1.0 m, were used for the study. All ponds were completely dried by draining out the water and then were treated with lime at the rate of 250 kg/ha. After 7 days, the ponds were filled with water. Three of the ponds were used to rear mixed-sex tilapia and the other three for mono-sex male tilapia. Each pond in both treatments was stocked with 250 respective fingerlings of tilapia. Mean initial length and weight of fingerlings were measured at the time of release. The stocked fingerlings in both treatments were fed with the same commercial tilapia feed (starter II) purchased from Saudi-Bangla Fish Feed Industry, Bhaluka, Mymensingh. Fish were fed at the rate of 6% of fish body weight at the beginning. The feeding rate was gradually reduced to 2% for the third month and finally increased to 3% for the rest of the period. The analyzed proximate composition of experimental feed was protein 30.80%, lipid 8.96%, crude fiber 9.25% and ash 15.25%.
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A fortnightly sampling of about 20% of stocked fish from each experimental pond was done by using a seine net. The sampling weight was used to adjust the feeding rate for the next fortnight. The weights of sampled fish were recorded by using an electronic balance (Model EF-1-3k).
Water quality parameters
Water temperature, dissolved oxygen (DO), pH and transparency in the experimental ponds were monitored fortnightly between 10.0 a.m. and 11.0 a.m. The water temperature of each experimental pond was recorded using a Celsius thermometer at a depth of approximately 10-12 cm below the surface. The DO, pH and transparency of water were determined by DO meter (YSI, Model-58, USA), pH meter (Model-445, UK) and Secchi disc, respectively. Alkalinity, ammonia and nitrite were determined by following the standard methods (APHA, 1998).
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For the quantitative and qualitative study of phytoplankton and zooplankton of water, an integrated 10 liters of water samples were randomly collected from different sites of each pond and were passed through plankton net (mesh size 45 µm), and finally concentrated to 50 ml. Then concentrated samples were preserved in small plastic bottles with 5% formalin and studied subsequently. Plankton number was estimated using a Sedgewick-Rafter counting cell (S-R cell) under a Biological Microscope (PW-BK5000). 1 ml sub-sample of each stored sample was placed on the counting chamber of the S-R cell and then the plankton on 10 randomly selected fields of the chamber were counted under the binocular microscope (BMS D1-220A). Plankton were identified up to the family level and calculation of plankton was done by using the following formula (Rahman, 1992) :
where N = number of plankton cells or units per liter of pond water; A = total no. of plankton counted; C = volume of the final concentrate of the sample in ml; V = volume of a field; F = no. of fields counted and L is the volume of original water in liters.
Growth parameters
The following equations were used to determine growth and feed utilization: 
Economic analysis of production
A simple economic analysis was performed to estimate the profitability of mixed-sex and mono-sex male tilapia culture during winter season. The cost of different inputs and average selling price of fish were based on the Mymensingh wholesale market price (2012) (2013) . The price of commercial feed was USD 0.5/kg. The selling price of mixed-sex and mono-sex tilapia was considered as USD 1.90/kg and 2.10/kg, respectively. An additional 7.5% on the total cost was included as the operational cost (ADCP, 1983) .
Data analysis
The data obtained from the experiment were analyzed using one-way analysis of variance (ANOVA) followed by Duncan's Multiple Range Test (Duncan, 1955) to identify the 5% level of significance of variance among the treatments.
RESULTS AND DISCUSSION
The mean values of water quality parameters viz. temperature, dissolved oxygen, pH, transparency, alkalinity, ammonia and nitrite in the two treatments are presented in Table 1 . The temperature varied from 17.86 to 23.91°C with a mean value of 20.33±1.04°C and 20.21±1.06°C in T 1 and T 2 , respectively. Temperature difference between the treatments was not significant (F=0.002). The highest (23.91) and lowest (17.86) water temperature in the present study might be due to the bright sunshine and cold weather. Likongwe et al. (1996) stated that temperature of shallow and small pieces of water bodies might follow air temperature. It has also been reported that tilapia reared under mid-summer conditions died between 13.6°C and 8.6°C, while those reared under autumn condition died between 11.7°C and 7.5°C (Charo-Karisa et al., 2005) . This suggests that acclimatization to a lower temperature before cold stress can improve the cold tolerance ability of O. niloticus. In the present study, the day temperature in the ponds did not fall below 17.86°C and the temperature was within the suitable range of fish farming. Dissolved oxygen (DO) varied from 4.38 to 6.10 mg/l with mean values of 5.18±0.17 and 5.05±0.16 mg/l in T 1 and T 2 , respectively. One-way ANOVA showed no significant difference between the treatments (P>0.05). Banerjee (1967) considered 5.00 to 7.00 mg/l of dissolved oxygen content of water to be fair or good in respect of productivity, and water having dissolved oxygen below 5 mg/l to be unproductive. Slightly lower dissolved oxygen was found in the present study but this level was within the desirable limit of fish farming.
The pH values of pond water under different treatments were found to be alkaline and ranged from 6.97 to 7.16 with mean values of 7.0±0.03 and 7.06±0.04 in T 1 and T 2 , respectively. According to Swingle (1969) , pH of 6.5-9.0 is suitable for pond fish culture which matched the present study. Michael (1969) and DOF (1996) reported that the suitable pH range for production is 7.3 to 8.4 and 6.5 to 8.5, respectively. The observed pH of water in the T 1 , treatment 1; T 2 , treatment 2; NS, not significant (Boyd, 1982) . The mean concentrations of dissolved inorganic nitrogen, NO2 ranged from 0.37-0.91 mgL -1 and 0.42-0.89 mgL -1 for T 1 and T 2 , respectively. However, the concentration of ammonia varied from 0.17-0.27 mgL -1 for T 1 and 0.18-0.30 mgL -1 for T 2 . The concentration of nitrite and ammonia did not show any significant differences between treatments. According to Boyd (1998) , suitable level of NO 2 for aquatic animals should be less than 0.5 mgL . Therefore, the values of nitrite and ammonia were within the ranges of fish culture. The mean abundance of different groups of plankton is shown in Table 2 . Phytoplankton population mainly comprised four major groups -Chlorophyceae, Cyanophyceae, Bacillariophceae and Euglenophyceae, and zooplankton had two groups -Crustacea and Rotifera. Among phytoplankton groups, Chlorophyceae was the most dominant group and Euglenophyceae was the least abundant group, as observed during the study period. In zooplankton, Rotifera was the most dominant in terms of both numbers and genera compared to Crustaceans. Mean values of total phytoplankton were 72.42±10.03×103 and 58.42±7.21×103 in T 1 and T 2 , respectively, and showed no significant (P>0.05) difference between the treatments. The mean values of total zooplankton were 7.93±1.90×103 and 5.41±1.02×103 in T 1 and T 2 , respectively, and ANOVA showed no significant (P>0.05) difference between treatments. The plankton population in this study showed to be more or less similar to the findings of Dewan et al. (1991) and Wahab et al. (1995) . Compared to the study of Dewan et al. (1991) and Wahab et al. (1995) , lower plankton population observed in this study might be due to the absence of fertilizers in the experimental ponds. Results obtained for growth performance and diet utilization dur- Table 3 , and the comparative length and weight gain are shown in Figure 1 . In the present study, six months over-wintered culture of mixedsex and mono-sex tilapia showed that the growth of mono-sex tilapia was significantly (P<0.05) higher than that of mixed-sex tilapia. The growth of mono-sex tilapia was 32% higher than of mixed-sex strain. Mair and Van Dam (1996) stocked at 50, 80, 95, 98 and 100% male population of Nile tilapia in earthen ponds in Vietnam and found a significant (P<0.01) positive effect of proportion of males on growth of the stocked fish. Lovshin et al. (1990a) demonstrated that all male fish grew 121% and 69% larger than those in populations containing 2.5% and 5.0% females, respectively. The mean final weight gain of mixed-sex and mono-sex tilapia was 107.60±2.02 g and 141.45±2.54 g, respectively. Although there was no significant (P>0.05) difference in the initial weight of mixed-sex and mono-sex tilapia, at the end of the rearing period the mean weight gain of mono-sex tilapia was significantly higher than the mixed-sex tilapia. The mean final length gain was 11.40±0.56 and 13.16±0.21 for mixed-sex and mono-sex Nile tilapia, respectively, and the length gain of mono-sex tilapia was also significantly higher than the mixed-sex tilapia. Hossain et al. (2005) reported a weight gain of about 106.34±3.59 g and 140.60±2.84 g for mixed-sex and mono-sex tilapia, respectively, fed on formulated diet on farm ponds for a culture period of 6 months, which is similar to that observed in the present study. However, the stocking size of over-wintered fry used by Hossain et al. (2005) was much lower than that used in the present study. Hussain et al. (2000) reported a weight gain of about 128 g for mixed-sex tilapia in ponds for a culture period of 6 months, which is higher than that of mixed-sex tilapia (106.34±3.59 g) but lower than that of mono-sex tilapia (140.60±2.84 g) observed in the present study. However, the stocking size of fry used by Hussain et al. (2000) was higher (6.7 g) than that used in the present study (4.81±0.20 g). The higher growth of mono-sex tilapia may have been due to the influence of methyl testosterone hormone used for sex-reversal. This hormone has been shown to be a growth promoter in O. mossambicus (Kuwaye et al., 1993) .
T 1 , treatment 1; T 2 , treatment 2; NS, not significant; ** = significant difference at 5% level 
Fig 1. Growth patterns in terms of weight and length gain over the 6-month experimental periods
The SGR value of mono-sex tilapia was significantly higher than that of mixed-sex tilapia. In the present study, the mean SGR values of mixed-sex and mono-sex tilapia were 3.45±0.02 and 3.66±0.04, respectively (Table 3) . The SGR values obtained in the present study are much higher than those (1.40-1.81) reported by Dan and Little (2000b) for over-wintering mono-sex tilapia fry. The lower SGR reported by Dan and Little (2000b) might be due to a higher stocking density (4 fingerlings per m 2 ), lower temperature used (11.0 to 23.0°C) compared to the present study. The other reason of different SGR values of the species O. niloticus in the present study may be due to the natural productivity of the ponds. The FCR for both mixed-sex and mono-sex tilapia in the present study was comparatively low compared to the study of Dan and Little (2000b) . The FCR values recorded were 1.78±0.07 and 1.71±0.03 for mixed-sex and mono-sex tilapia, respectively (Table  3 ). There was no significant (P>0.05) difference between the FCR values of mixed-sex and mono-sex tilapia. Hossain et al. (2005) found the FCR values of 1.64±02 and 1.58±0.04 for mixed-sex and mono-sex tilapia, respectively, fed on formulated diet, which is in accordance to this result. The number of surviving fish is the most important consideration in over-wintering culture of tilapia (Cruz and Ridha, 1994; Crab et al., 2009) . Mono-sex tilapia showed higher mean survival than that of mixed-sex tilapia, although the difference is not statistically significant (P>0.05). In the present study, the mean survival was 83% and 85% for mixed-sex and mono-sex tilapia, respectively. The survival (%) of fish in the present study is lower than the survival of 94 to 100% for over-wintering brood tilapia and higher than that of 33-54% survival for mono-sex over-wintered fry as reported by Dan and Little (2000a) . The existence of size dependent over-winter mortality has been reported for many fresh water and marine fishes, with smaller individuals being in most cases more susceptible than the larger ones (Sogard, 1977; Charo-Karisa et al., 2005) . The effect of size on cold tolerance in tilapia has been reported as either significant or insignificant by different authors (Chaani et al., 2000; Frei et al., 2007) . Astwood et al. (2003) , working with larger fish, indicated that size significantly affected cold tolerance in O. niloticus. Similarly, Hofer and Watts (2002) suggested that small fingerlings (average 5.8 g) are more susceptible to cold stress than larger fingerlings (average 9.69 g). Charo-Karisa et al. (2005) recommended that for better over-winter survival, juveniles of Nile tilapia should be at least 5 g in size. The differences in survival rate (%) of the present study might be due to the smaller size fry selection for stocking and higher depth of the ponds. The result of the present study showed that mono-sex tilapia had a significantly higher yield (2776.28 kg/ha) than that of mixedsex tilapia (3723.10kg/ha). Azaza et al. (2008) reported that increasing the male sex ratio at stocking significantly affected the marketable yield by increasing weight of stocked fish. Evidence from the study of Lovshin et al. (1990b) suggested that significant additional increases in yield could be gained from the absence of recruitment into the all-male population. Faster growth of monosex tilapia might be due to the hormone used for the sex conversion and lack of energy expenditure in gonad maturation (Macintosh and Little, 1995; Hernández et al., 2013) . A simple economic analysis was performed to estimate the net profit from this culture operation (Table 4 ). The cost of production was based on the Mymensingh wholesale market price of the year 2012-2013 in considering the inputs used. In the present study, the benefit-cost ratios were demonstrated for mixed-sex and mono-sex tilapia as 1.17 and 1.43, respectively. Although nearly all fish farming practices in Bangladesh show better production and higher profit during summer, our results suggest that Nile tilapia could be cultured successfully during winter. Moreover, such culture of tilapia is more profitable for mono-sex than mixed-sex operations. A study conducted by Rahman et al. (2012) demonstrated a 78.11% profit from mono-sex tilapia over mixed-sex tilapia in watershed ponds during the summer season in Bangladesh. In conclusion, it is possible to successfully culture mixed-sex and mono-sex tilapia during the winter period and the growth of mono-sex tilapia is significantly better (32%) than that of mixed-sex tilapia cultured in over-wintered experimental ponds.
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RAST JEDNOSPOLNE I NILSKE TILAPIJE MJEŠOVITOG SPOLA U UVJETIMA PREZIMLJA-VANJA NA SJEVEROISTOKU BANGLADEŠA Cilj ovog istraživanja bila je procjena rasta nilske tilapije mješovitog i muškog spola, Oreochromis niloticus, u uvjetima prezimljavanja. Eksperiment se sastojao od dva tretmana s tri ponavljanja u razdoblju od 6 mjeseci, od listopada 2012. do ožujka 2013. godine, Operational cost is considered as 7.5% of the total cost (ADCP, 1983) na vanjskim bazenima (Field Laboratory Complex) Poljoprivrednog sveučilišta u Bangladešu. U prvom tretmanu (T 1 ) je tilapija mješovitog spola prosječne početne težine 4,80 ± 0,18 g bila smještena u 3 ribnjaka. U drugom tretmanu (T 2 ) je tilapija muškog spola prosječne početne težine 4.81 ± 0.20 g bila smještena također u 3 ribnjaka. Na početku eksperimenta ribe su bile hranjene po stopi od 6% od njihove ukupne tjelesne mase, a potom su stope hranjenja postepeno smanjivane do 2% u trećem mjesecu te na kraju povećane na 3% u preostalom vremenu. Parametri vode poput temperature, otopljenog kisika, pH, prozirnosti, alkaliniteta, amonijaka i nitrita bili su u skladu s vrijednostima pogodnima za uzgoj ribe. Nakon 6 mjeseci uzgoja, tilapija muškog spola dosegla je značajno veću prosječnu konačnu težinu (P<0,05) i određenu stopu rasta u usporedbi s tilapijom mješovitog spola. Međutim, nije bilo značajne razlike u omjeru konverzije hrane (P>0,05) i postotku stope preživljavanja (%) između tretmana. Rezultati su pokazali mogućnost uspješne kultivacije tilapije u zimskom periodu u Bangladešu, s time da je uzgoj jednospolne tilapije isplativiji zbog njezine veće stope rasta.
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